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Optical identification system using cholesteric liquid crystals 



(57) Provided is an eeonomical Identification system 
suitable for use on commercial products which is difficult 
to duplicate, and highly identifiable. The system in- 
eludes an identification medium having a high-polymer 
cholesteric liquid crystal material applied thereon. The 
high-polymer cholesteric Bquid crystals selectively re- 
flect a certain wavelength, and this wavelength changes 
with the change in the Incident angle of the light The 



liquid crystals also have the property to circularly polar- 
ize the reflected light in either sense. By taking advan- 
tages of such properties, it is possible to provide a highly 
identifiable structure which, however, is highly difficult 
to illicitly duplicate. In particular, byformingthe reflective 
layer of a hologram with high-polymer cholesterie liquid 
crystals, the hologram can be used as an identification 
medium which Es highly difficult to duplicate but easy to 
identify with a machine. 
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. Description 
TECHNICAL RELP 

[00011 The present invention relates to an identifica- 
tion system for preventing forgery ot two-dimensional 
and throe-dimensional articles such as passports, 
cards, security notes, gift certificates, pictures, public 
transportation tickets, betting tickets, and various com- 
mercial goods, and in particular to an identification sys- 
tem for verifying the authenticity ol an article by visually 
or mechanically recognizing a identification medium af- 
fixed to the article. 

BACKGROUND OF THE INVENTION 

[0002] conventionally, it has been widely practiced to 
prevent the forgery of cards and security notes by using 
the system of affixing a hologram onto the object, and 
visually verifying it. It has also been proposed to use a 
hologram having a prescribed diffractive property to ver- 
ify the authenticity of the article. To prevent the uncer- 
tainty associated with the visual identification, a light 
beam of a prescribed wavelength may be impinged up- 
on the hologram so that the authenticity of the artlclB 
may be verified by detecting the direction of the diffract- 
ed Bght For such an identification system, reference 
should be made to United Stales Patent No. 5.200.794 
assigned to the common assignee. The contents of this 
prior patent is hereby incorporated in this application by 
reference. t 
[00031 However, due to the recent popularization of 
the technology of preparing hologram, the hologram 
technology has become so readily available that illicit 
duplication of hologram which is hardy distinguishable 
from an authentic hologram can now be made without 
any significant difficulty. In other words, the hologram 
has become less effective in discouraging illicit dupBca- 
tion. Other technologies for preventing forgery are 
known, but are so costly that they are not suitable for 
use on common commercial goods. Thus, there is a 
need for a novel technology for preventing forgery. 
[0004] Cholesteric liquid crystals normally have a lay- 
ered structure, and the axial direction of the molecules 
in each layer are parallel to each other as well to the 
plane ot each layer. Each layer is slightly twisted relative 
to the adjacent layer so that a three-dimensional spiral 
structure is produced. This structure demonstrates the 
property to selectively reflect a circularry polarized light 
having a wavelength of X which is given by X- n-p where 
p is the depftt of the layers for this axial direction to lur n 
360 degrees or the pitch, and n is the average Index of 
refraction of each layer. Therefore, if the direction ot the 
liquid crystals in each layerturns counter-ctockwise with 
respect to the incident light, the left-handed circularly 
polarized component of the incident light having tho 
wavelength of X is reflected while the righl-handed cir- 
cularly polarized component passes through. The light 



having any other wavelength passes through. For in- 
stance, when a cholesteric liquid crystal material having 
a property to reflect red light having the wavelength of 
is placed on a mate rial wh ich absorbs light in the vis- 
s fcle range, and a random light such as sunlight is radi- 
ated thereon, the transmitted ligjit is all absorbed, and 
only a left-handed circularly polarized light having the 
wavelength of 7^ is reflected so that the cholesteric liq- 
uid crystal material emits bright red light 
1Q [0005] A cholesteric liquid crystal material has the 
property to change color depending on the viewing an- 
gle. When the incident angle to the plane of the choles- 
teric liquid crystal material is e, the difference in the 
length of the light path between the upper surface and 
15 the bottom surface of each layer or tor each pitch is 
2p-cose. 11 this difference Is a multiple of the wavelength 
\ (2p-cose = nX where n is an integer), the components 
of the light reflected by the upper surface and the bottom 
surface of each layer reinforce each other. Therefore. 
zo as the Incident angle gete shallower, a light component 
having a progressively shorter wavelength is amplified, 
and the reflected light turns from red to blue. 
[0000] A cholesteric liquid crystal material having a 
tow molecular weight tends to be sensitive to tempera- 
zs ture, an electric field and a magnetic field, and often 
changes color when affected by such influences. How- 
ever, a cholesteric liquid crystal material having a high 
molecular weight Is highly stable, and is much less af- 
fected by such influences. A hlgh-potymer cholesteric 
so fiquid crystal material which has a desired layer pitch 
and a high level of stability can bB obtained by coating 
a liquid crystal material over PCT film, and applying a 
temperature, an electric field, a magnetic field, a pres- 
sure, and additives. 
35 [0007] Hologram, which can be given with a pre- 
scribed optical property according to the spacing of 
grooves formed on a surface plane, can be relatively 
easily duplicated only If a technology for forming fine 
groove Is available. On the other hand, as the optical 
40 property of a high-polymer cholesteric liquid crystal ma- 
terial is determined by a three dimensional arrangement 
of molecules, it is much more difficult to duplicate as ft 
requires a high level of technology for preparing the ma- 
terial, and properly processing it Therefore, by using 
4$ such properties of the high-polymer cholesteric liquid 
crystal material for identification, ft is possible toimprove 
the idenTjfiabUity and prevent the forgBry of cards, pass- 
ports, security notes, gift certificates and so on. 
[0OOS1 Hologram typically comprises a hologram 
so terming layer which has diffractive grating of various 
pitches formed thereon and a metallic reflective layer on 
one side thereof. The light reflected by this reflective lay- 
er diffracts into various dinerent directions depending on 
the pitches thereof so that a different view is created de- 
65 pending on the viewing angle. Typically, the hologram 
changes color, and shows a three-dimensional view as 
the viewing angle changes. According to the present in- 
vention, the identifiabiiay is enhanced by forming the re- 
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flective layer of the hologram with a cholesteric liquid 
crystal material, and taking advantage of the optical 
properties of the hologram and the cholesteric liquid 
crystal material, 

BRIEF SUMMARY OF THE INVENTION 

[0009] In view of such problems of the prior art, and 
the recognition by the Inventors, a primary object of the 
present invention te to provide an optical Identification 
system which is effective in preventing forgery, and eco- 
nomicaJ to implement 

[0010] A second object of the present invention Is to 
provide an optical Identification system which is effec- 
tive in preventing forgery, and reliable in use. 
[001 1 J A third object of the present invention is to pro- 
vide an optical identification system which can ba affixed 
to a wide range of articles without any difficulty. 
[001 2] According to the present invention, these and 
other objects can be accomplished by providing a sys- 
tem for identifying an authenticity of an article by opti- 
cally recognizing a identification medium affixed to the 
article, characterized by that: the Identification medium 
includes a high-polymer cholesteric liquid crystal mate- 
ria! which reflects a single wavelength or a plurality of 
wavelengths. Typically, the identification madium b 
transparent besides from the light of the particular wave- 
length which is reflected by the identification medium so 
that the application of the identification medium to an 
article would not substantially affect the appearance of 
the article. In particular, the surface marWngs and other 
features of the article shows through the identification 
medium, and It is desirable in view of both appearance 
and security. When the identification madium Is adapted 
to reflect non-visible lic^t such as infrared light, the iden- 
tification medium can bo made totally transparent to the 
viewer. 

[001 3] Because cholesteric liquid crystals selectively 
reflect a certain wavelength, and this wavelength chang- 
es with the change in the angle of the incident light, thB 
identification medium produces a distinctive hue which 
changes with thB viewing angle, and thereby provides 
a favorable means tor identification. This can be also 
automatically detected by using a color filter for a pre- 
scribed wavslength. A highly accurate detection is pos- 
sible by using a filter including high-polymer cholesteric 
liquid crystal material which has identical optical prop- 
erties as the identification medium. 
[0014] Also, chotestenc liquid crystals selectively re- 
flect a circularly polarized light of either sense, and this 
distinct property can be readily detected by using a de- 
tecting device including a wave plate and a polarizing 
filter. 

[0015] When high -polymer cholesteric liquid crystals 
of at least two different kinds are arranged in an over- 
lapping relationship, light resulting from the combination 
of the fight reflected by the two layers of different high- 
polymer cholesteric liquid crystals is emitted from the 



surface of the identification region. Therefore, it can be 
detected by using an appropriate detecthg device, and 
a high level of security can be achieved. High-polymer 
cholesteric liquid crystals of at least two different ktids 

5 may be arranged in two mutually adjacent regions. In 
this case, if they reflect light of the same wavelength, 
but the reflected tight is circularly polarized in different 
senses, the identification medium looks visually uni- 
form, but It is possible to distinguish one of the regions 

to by using a detecting device including a polarizing filter 
and a wave plate. 

[0016] It is also possible to arrange a plurality of re- 
gions, and to form at least one of the regions with a high- 
polymer cholesteric liquid crystal material so that the au- 

f 5 thenticity of the article may be identified by recognizing 
a pattern In the arrangement of the high-polymer chol- 
esteric liquid crystal material For Instance, the pattern 
In the arrangement of the high-polymer cholesteric Squid 
crystal material may be read as binary data so that the 

so authenticity of the article may be verified by recognizing 
the binary data. 

[0017] if the identification medium includes a diffrac- 
tion grating such as a hologram using the high-polymer 
cholesteric liquid crystal material as a reflective layer 
$s thereof, such a combination of high-polymer cholesteric 
Bquid crystals and diffraction grating provides symbiotic 
advantages in terms of security and ease of verification. 
For instance, the detecting devfce may further include 
a light source while the light receiving device includes a 

so plurality of light receiving portions arranged around the 
light source so that a direction of light reflected from the 
identification medium may be detected from an intensity 
of light received by each of the light receiving portions. 
[0018] To avoid tampering, the identification medium 

ss may be adapted to be either entirety or partly destroyed 
when an attempt Is made to peel off the medium from 
tha article. It can bo achieved by making the main part 
of the identification medium less strong than the bonding 
layer attaching the Identification medium to the articlo. 

40 [0019] The present invention also provides a method 
for identifying the" authenticity of an article, comprising 
The steps of: radiating light from an external light source 
upon an identification medium attached to an article via 
a polarizing filter and a wave plate, the identification me- 

45 dium including a diffraction grating having a reflective 
layer formed with a high-polymer cholesteric liquid crys- 
tal material; and receiving or visually viewing iicjrt re- 
flected therefrom via the polarizing filter and the wave 
p late eo that the authenticity of the article may be ve rified 

so by recognizing a graphic or other pattern recorded in tha 
diffraction grating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0020] Now the present invention is described in the 
following with reference to the appended drawings, in 
which: 
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Figure 1 is a perspective view showing an article 
carrying an identification medium according to the 
present invention; 

Figure 2 is a perspective view showing a first em- 
bodiment of the identification system according to 
the present invention; 

Figure 3 is a perspective view showing a second 
embodiment ot the identification system according 
to the present Invention; 

Figure 4 is a pcrspectwe view showing a third em- 
bodiment of the identification system according to 
the present invention; 

Figure 5 is a perspective view showing a fourth em- 
bodiment of the identification system according to 
the present Invention; 

Figures 6a and 6b are schematic plan views show- 
ing the principle ot a fifth embodiment of the identi- 
fication system according to the present invention; 
Figure 7 is a perspective view showing a sixth em- 
bodiment of the Identification system according to 
the present Invention; 

Figure a is a perspective view showing a seventh 
embodiment ol the identfficatlon system according 
to the present invention; 

Figure 9 is a perspective view showing an eighth 
embodiment of the identification system according 
to the present invention; 

Figure 1 0 is an enlarged sectional view of the struc- 
ture of an identification medium according to the 
present invention; 
Figure 11 is a view similar to Figure 10 showing an 
alternate embodiment of the structure ot an identi- 
fication medium according to the present invention; 
Figure 12 is a side view showing a ninth embodi- 
ment of the identification system according to the 
present Invention; 

Figure 1 3 is a view similar to Figure 1 2 showing the 
operation of the identification system; 
Figure 1 4 is another view similarto Figure 1 2 show- 
ing the operation of the identification system; 
Figure 15 is a side view showing a tenth embodi- 
ment of the identification system according to the 
present invention; 

Figure 16 is a side view Showing an eleventh env 
txxfiment of the identrftcation system according to 
the present invention; 

Figure 17 is a plan view of the light source and the 
light receivhg device shown In Figure 16; and 
Figure 1B is a simplified side view showing a hot 
stamping device. 

PETAILED DESCRIPTION Q F THE PREFERRED. 
EMBODIMENTS 

[0021] Referring to Rgure 1. an identification foil 1 
having a hlgh-potynw cholestenc liquid crystal material 
having a layer pitch of p applied thereon is affixed to a 
selected location, two or more locations or tha entire sur- 



face of an article A such as a card, passport, security 
note or gilt certificate, by a hot stamping process. The 
hot stamping process consists of transferring an orna- 
mental film onto the surface of an article with an rnstan- 
s taneous application ot heat and pressure by using a de- 
vice as shown in Rgure 18. More specifically, an article 
A is mounted on a holder 81 , and hot stamping fotl 84, 
which is paid out from a feed roil B2 and is wound on a 
winding roll 63, is pressed onto the article A by a male 
ro metallic dteSSwhicn Is actuated by an actuator such as 
a cylinder not shown in the drawing, and heated by a 
heating plate B5. The hot stamping foil 84 is typically 
provided with a laminated structure having a base film, 
a peel layer, a protective layer, a metallic film layer and 
1S a bonding layer; in that order. When this hot stamping 
toil is pressed, the resulting pressure and heat sepa- 
rates the protective layer, the metallic film layer having 
a high-polymer cholesteric liquid crystal material depos- 
ited thereon end a bonding layer from the base film, and 
20 transfers them ontothe article, thereby causing the lden~ 
tffication foil 1 to bB attached to the article A. If desired, 
the protective layer may serve the dual purpose of the 
peel layer and tne protective layer. The identification foil 
1 or the hi^h-polymer cholesteric liquid crystal material 
55 applied thereon can be read and recognized either vis- 
ually or by using a machine. The method for attaching 
the identification toil 1 serving as a Identification medium 
onto the article may consist of a heat seal process or a 
manual application ot roll film, Instead of the hot stamp- 
30 ing process. 



Embodiment 1 

[0Q22] Referring to Figure 2, an identification foil 1 
55 serving as a identification medium having a high-poly- 
mer cholesteric liquid crystal material applied thereon 
according to the present invention is transferred onto or 
attached onto the surface Ot an appropriate location on 
the article A. 

*o p023] W* 1671 1013 assembly Is exposed to light, a cer- 
tain color conesponding to the property of the liquid 
crystals is reflected from the surface. It is then detected 
either visuaBy or by using a machine for verifying the 
authenticity of the article. Because a similar effect may 

45 be produced even by applying (or printing) normal ink, 
it is preferable to change the angle of the incident light 
with respect to the surface of the liquid crystal material, 
and to take into account the change in color for the ver- 
ification. The wavelength of the light which is amplified 

so gets continually shorter or the reflected light changes 
color with the 'nereasa in the angle of the incident tight 
e with respect to tho line perpendicular to the plane of 
the surface of the liquid crystal material so that this in- 
formation can be used for improving tha reliability of the 

ss verification process. Obviously, when normal ink is 
used, there is no change in the wavelength (or color) of 
the reflected light with the change in the incident angle. 
rpo24] The reflected light was used for the purpose of 
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identification in this embodiment, but when the identifi- 
cation foil is affixed to a transparent object, the transmit- 
ted light may also be used lor identification purpose. 

Embodiment 2 

[0025] Referring to Figure 3> in this embodiment, for 
identification purpose, a identification foil 1, having a 
high-potymer cholesteric liquid crystal material applied 
thereon, thereby serving as a identification medium, Is 
iransf erred onto or bonded onto a suitable location on 
the article A. A filter 2 for shutting off the wavelength 
which Is reflected by this liquid crystal material Is placed 
immediately over this identification f oil 1 , and a simitar 
fitter 3 is placed for a reflected fight beam which is at an 
angle 6 with respect to the direction perpendicular to the 
foil l. 

[00263 When a random fight is radiated upon this foil 
from above, if the liquid crystal material has the property 
to reflect red light, the reflected light does not pass 
through the filter 2. thereby producing a dark view 
through the filter 2. but the fight which ts reflected in the 
direction at the angle 6 with respect to the direction per- 
pendicular to the identification foil 1 is amplified at a 
shorter wavelength component thereof (bluish color) so 
that the reflected light passes through the filter 3, arid 
produces a bright blue view through the filter 3- This can 
be visually recognized for the verification of the authen- 
ticity, but light detecting devices may also be placed at 
locations corresponding to the directions of the reflected 
light for detecting the intensities of the reflected light in 
the corresponding directions to thereby determine the 
authenticity. 

Embodiment 3 

[0027] Referring to Figure 4, \n this embodiment, for 
identification purpose* an idamirication foil 1. having a 
high-polymer cholesteric liquid crystal material applied 
thereon, thereby serving as a Wemrftcation medium, is 
transferred onto or bonded onto a suitable location on 
the article A. The light reflected by the identification foil 
1 is passed through a filter 4 having identical character- 
istics to those of the high-polymer cholesteric liquid crys- 
tal material applied on the identification fo3 1 or having 
the property to reflect only the component of light which 
has a same wavelength and a rotational polarization of 
a same sens 9 as those of the light reflected by the iden- 
tification foil 1 . 

[0028] When random light is radiated upon this iden- 
tifcation foil 1 , the reflected light would no* pa** through 
the fitter 4 because the reflected fight has only a certain 
wavelength and is circularly polartesd in one direction. 
This reflected light therefore cannot pass through the 
liquid crystal filter 4 although a reflected light of a pre- 
scribed color is visible ft were not for the fitter 4, The 
authenticity can be verified by visually detecting this dif- 
ference, but light detecting devices may also be placed 
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at locations corresponding to the directions of the re- 
flected light to compare the intensities of the received 
light with and without the filter, and to determine the au- 
thenticity from the difference in the intensities of the re- 
s carved light. 

Embodiment 4 

[0029] Referring to Figure 5, an identification foil 21 
10 having high-potymer cholesteric liquid crystal materials 
21 a and 21 b of two different kinds applied thereon one 
over the other is transferred onto or attached to a suit- 
able location on an article A. 

[0030] For identification purpose, liquid crystal filters 

is $ and 6 having identical characteristics to those of the 
corresponding high-polymer cholesteric liquid crystal 
materials 21a and 21 b, respectively, are arranged in lo- 
cations through which the light reflected by the identifi- 
cation foil 21 passes. 

so [D031] For instance, the liquid crystal material 2ia 
and the liquid crystal filter 5 reflect red tight while the 
liquid crystal material 21b and the liquid crystal filter 4 
reflect blue light. Thus, when random light is radiated 
upon the identification foil 21, the reflected light has a 

2$ magenta color as a mixture of red and blue colors. Also, 
the reflected light shows a blue color when it passes 
through the liquid crystal fitter 4. and a red color when 
it passes through the liquid crystal filter 5- The authen- 
ticity can be verified not only by visually detecting this 

so difference, but also by detecting the two wavelengths 
with a machine and comparing them. 

Embodiment 5 

35 [0032] Referring to Figure 5a, an identification foil 31 , 
having higjh-porymer cholesteric liquid crystal materials 
31 a and 3lb of two different kinds appfied thereon in a 
non-overlapping relation so as to define graphics, letters 
or patterns separately from each other, is transferred on- 

40 to or attached to a suitable to cation on an article A_ 
These liquid crystal materials 31a and 31b reflect light 
of an Identical wavelength, but the light reflected from 
those materials is circularly polarized in two different di- 
rections. For instance, the liquid crystal material 31 a re- 

45 fleets a right-handed circularty polarized component 
while the liquid crystal material 31b reflects a left-hand- 
ed circularly polarized component. 
[0033] For identification purpose, a liquid crystal filter 
7 having identical characteristics to those of either one 

so of the liquid crystal materials 31a and 31b is placed in 
a path of light reflected from the identification foil 31 as 
shown in Figure 6b. 

[0034] When random light is radiated upon the iden- 
tification foil 31. the reflected light is given with a color 
which corresponds to the reflected wavelength of either 
one of the liquid crystal materials 31a and 31 b, but the 
distinction between the two liquid crystal materials 31 a 
and 31 b cannot be made as far as the color of the re- 
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fleeted light is concerned, and, hence, the graphics, tet- 
ters or patterns aro not visible. However, when the re- 
flected light is viewed through the fitter 7, the reflected 
lirf* from either one of the liquid crystal materials 31a 
and 31 b is shut off because of the difference n thB di- 
rection of circular polarization, and the graphics, letters 
or patterns become visible. This can be visually recog- 
nized for verifying the authenticity ot the article A. 

Embodiment 6 

[0035] Interring to Figure 7, in this embodiment, the 
high-pclymer cholesteric liquid crystal material having a 
property to selectively reflect Infrared light is applied on 
an identification foil 41 as a identification medium, and 
the identification foil 41 is transferred onto or attached 
to a suitable location on an article A. Therefore, the lden : 
tfflcation foil 41 looks transparent as il does not reflect 
any visible light. 

[0036) As shown in Figure 7. an infrared laser beam 
is produced from an infrared laser emitting device 8 and 
is impinged upon the identification foil 41. And in tha 
path of the reflected light are arranged a quarter-wave 
plate 9, a polarizing filter 1 0. and a light receiving device 
11, in that order. 

[O037J For identification purpose, an Infrared laser 
beam from the infrared laser emitting device 3 is im- 
pinged upon the identification foil 41, and the reflected 
light is converted into a (inearty polarized light by the 
quarter-wave plate 9. And, the light transmitted through 
the quarter-wave plate 9 is received by the light receiv- 
ing device 11 via the polarizing filter 10 placed on the 
optical path so thai the authenticity can be determined 
from the intensity of the received light. According to this 
embodiment, the light detecting device which includes 
the quarter-wave plat© 9, the polarizing filter 10, and the 
light receiving device 11 Is sensitive only to the light 
which Is circularly polarized in either direction, and can 
thus reliably detect the presence of an authentic identi- 
fication foil without being interfered by fight from othBr 
sources* 

Embodiment 7 



[0038] In this embodiment, identification foils 51 a and 
51c having hlgh-potymer cholesteric liquid crystal ma- 
terials applied thereon for reflecting infrared light, and 
transparent PET films 51b. 51d and 51e are arranged 
according to a prescribed rule, to jointly form a identifi- 
cation medium. 

[00391 For identfftcatton purpose, the identification foil 
51 a, tha PET film 51 b. the identification foil 51 c, the PET 
film 51 d and the PET film 51 e are sequentially scanned, 
end the reflected ligjrt is passed through the quarter- 
wave plate 9 and the polarizing filter 10 to be received 
by the light receiving device n in a similar fashion as 
Embodiment 6. Because only the light reflected by the 
identification loils 51a and 5le has a high intensity, bi- 



nary data in the form of '10100' can be obtained where 
the value *1' is given when a high intensity exceeding 
a prescribed value is detected, and the valuB "O^ is gh/en 
in other cases. By comparing this data with reference 

s data which is stored in advance, the authenticity can be 
determined. The number of possible variations of this 
data is 2' - 1 where n is the number of foils and films, 
[0040] It is also possible to replace the PET fflma with 
toils having high-polymer cholesteric liquid crystal ma- 

to teriais which are different in properties from those of the 
foils Si a and 51 e applied thereon so that binary data 
may be generated as ctescrtoad above by taking advan- 
tage of the difference in the properties of these high- 
pofymer cholesteric liquid crystal materials. 

Embodiment 8 

[0041] Referring to Figure 9, a hologram foil 61 is af- 
fixed to a selected location, two or more locations or the 
ontire surface of an article A such as a card, passport, 
security note or gift certificate, by a hot stampng proc- 
ess. The hot stamping process consists of transferring 
an ornamental film onto the surface of an article with an 
instantaneous application of heat and pressure as men- 
tioned earlier. As shown In Figure 10 in an enlarged 
scale, the hologram foil 61 is formed by laminating a 
bonding Iayer62, a high-potymercholesteric liquid crys- 
tal material layer 63 serving as a reflective layer, a holo- 
gram forming layer 64 and a protective layer 65 on the 
w surface of an article A, and is adapted to be transferred 
onto the article A by the protective layer 65 serving as 
a peel layer separating the hologram foil 61 from a base 
film not shown in the drawing by host and pressure dur- 
ing the hot stamping process. If desired, the hologram 
as formbg layer 64 may be omitted as illustrated In Figure 
1 1 because the protective layer 65 can serve also as the 
hologram forming layer as wen as the protective layer. 
IF desired, the peel layer may be provided separately 
from the protective layer 65. 
40 [0042] The hologram foil 6 1 affixed to the article can 
be read and recognized either visually or by using a ma- 
chine. The method for attaching the hologram foil 61 
serving as a Identification medium onto the article may 
consist of a heat seal process or a manual application 
45 of roll film, instead of the hot stamping process. 

[0043] Cholesteric liquid crystals have the property to 
reflect only the light which has a certain wavelength (tor 
instance X1 or green) and is circularly polarized in either 
direction (for Instance right-handed), and transmits the 
so light which has other wavelength or is circularly potar- 
Izsd in the other direction). By using a cholesiertc liquid 
crystal layer 63 as the reflective layer for the hologram, 
and recording letters or other patterns in the hologram, 
these patterns become visible by glowing in a green 
es color (or at the wavelength of X1 ) only when viewed from 
a certain angle with the light radiated from a fight source 
(for instance from a fluorescent temp) being diffracted 
by the hologram foil 61. This allows the authenticity of 
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the article to be verified Because only a portion of the 
light radfcted thereupon is diffracted by the cholesteric 
liquid crystal material layer 63, 3 there is any graphic 
partem on the surface of the article underneath the holo- 
gram toll 61, such a graphic pattern normally shows 
through. In other words, the hologram foil 61 normally 
looks substantially transparent 
[0044] Therefore, the hologram foil 61 is normally 
transparent, and shows through the pattern on the sur- 
face of the article (such as a gift certificate), but when 
viewed from a certain angle, the pattern of the hologram 
in the color of the wavelength of M becomes visible. 

Embodiment 9 

[0045] The reliability of the authenticity verification 
may be improved by an alternate embodiment of the 
present Invention which is descrfced in the following. 
Referring to Figure 12, a detecting device consisting of 
a band-pass filter 67. a polarizing filter 63 and a quarter- 
wave plate 69 may be arranged on the side of the light 
source. By applying this assembly to the hologram foil 
61 , natural light (sunlight, liojit from a fluorescent lamp 
and so on) is converted by the band-lass filter 67 into 
light having only the wavelength of VI (green), and then 
converted into a right-handod circularly polarized light 
by the polarizing fitter 68 and the quarter-wave ptate 69. 
When this light which ha3 only the wavelength of X.1* 
and is circularly polarized In the right-handed direction 
i6 Impinged upon the hologram ten 61. the cholesteric 
liquid crystals of the hologram reflects only the light 
which has the wavelength of XI . and is circularly polar- 
ized in the right-handed direction. The reflected light Is 
restored to the original linearly polarized light by the 
quarter-wave ptate 69, and passes through the polariz- 
ing filtsr 6B and the band-pass filter 67. Thus, a clear 
image (hologram image) can be viewed only from a cer- 
tain angle and through the detecting device. The light 
which has a different wavelength or is circularly polar- 
ized in the other direction is shut off by thB band-pass 
filter 67 and/or the polarlzingjilter 68, and is prevented 
from reaching the hologram. Thus, when this assembly 
is placed over the hologram, only the partem of the holo- 
gram which has a specific wavelength such as \i 
(green) becomes visible. The band-pass filter may b9 
omitted without causing any significant changes In the 
operation, but provides the advantage of showing the 
hologram pattern with an improved clarity. 
[0046J A normal surface such as a mirror surface and 
a surface of chotesteric liquid crystals reflect circularly 
polarized liojrt in different ways. A normal surface con- 
verts a right-handed circularly polarized light into a left- 
handed circularly polarized light, but cholBsteric liquid 
crystals reflect a right-handed circularly polarized light 
as a right-handed circularly polarized light Therefore, 
even when the hologram has been illicitly duplicated, 
and a film reflecting the light of the same wavelength as 
the chotesterlc liquid crystals is incorporated in the holo- 



gram, the reflected light Is shut off by the polarizing filter 
68 as shown in Figure 1 3, and no light passes through. 
[0047] Also, the hologram becomes visible only when 
the circularly polarized incident light has the same sense 

5 as that of thB liquid crystals of the hologram foil 61 . As 
shown in Figure 14, when a left-handed circularly polar- 
ized light is impinged upon the hologram foil 61, sub- 
stantially no light is reflected by the hologram foil 61 . 
Thus, by applying both of the identification methods il- 

to lustrated in Figures 1 2 and 1 4, or Identifying the pattern 
of the hologram by using incident light of two different 
properties one after thB other, it is possible to enhance 
the level of security even further. 

15 Embodiment 10 

[0048] As a yet another alternate errtbodimerrt ol the 
present invention, it is possible to automatically verify 
the authenticity of the article by using a verffication de- 

so vice. Referring to Figure 1 5, in addition to a light source 
71 such as an LED or the like, fight receiving device 72 
such as a photodiode may be placed so as to capture a 
hologram image produced by the hologram foil 61 . Sim- 
ilarly as the above described embodiment, a polarizing 

2s filter 73 and a quarter-wave plate 74 are placed in front 
of the light source 71 and the light receiving device 72. 
The authenticity of the hologram foil 61 can be therefore 
determined by evaluating the intensity of tha light re- 
ceived by the light receiving device 72, Optionally, a 

9Q band-pass filter may used similarly as the previous em- 
bodiment. 

Embodiment 11 

35 [0049] In case of the above described embodiment, 
as a similar detection result may be obtained even when 
a total reflection surface consisting of cholesteric liquid 
crystals is placed in place of the hologram foil 61 al- 
though the obtained intensity may be somewhat lower, 

<0 ft is possfcle to increase the reliability of the verification 
process by using a light receiving device Including a plu- 
rality of light receiving portions 76a to 76h such as pho- 
todiodee surrounding the light source 75 as Illustrated 
in Figures 16 and 17, and verifying the authenticity of 

45 the hologram foil 61 serving as an identification medium 
according to tho intensities of the light received by the 
prescribed ones (such as right receiving portions 76c 
and 76g) of the light receiving portions 76a to 76h cor- 
responding to the hologram image produced from the 

so hologram foil 61 . In this case also, a polarizing filter 73 
and a quarter-wave ptate 74 should be placed In front 
of the light source 75 and the light receiving device 76. 
A band-pass filter may also be used, but il may also be 
omitted particularly H the fight emitted from the light 

ss source consists of light of a single color which is reflect- 
ed by the cholesteric liquid crystals, and even when a 
white light is used as the lig^t source, a band-pass filter 
may be omitted because the light of other wavelength 
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is substantially shut off by the polarizing filter by virtue 
of the polarizing filter and the quarteM*ave plate. 
[OOSO] The wavelength of the light reflected by the 
chole$teric liquid oystals consisted of light having a 
wavelength ot W (green), but light of other wavelength 5 
can also be used In particular, when cholesteric liquid 
crystal* which reflect light outside the visible light range 
(such as infrared tight) are used, the hologram appears 
transparent, and the existence of an benefication me- 
dium can be detected only when a detecting device is i o 
used. Thus, the iderttifiability of the article can be en- 
hanced even further. In the above described embodi- 
ments, the identification foils consisted of holograms 
made of cholesteric liquid crystals, but may also consist 
of diffraction grating made of ehotesteric Bquid crystals. t5 
As a matter of fad, a hologram can be considered as a 
special type of diffraction grating. 
[O051] By making the cholesteric liquid crystal mate- 
rial layer and/or the hologram forming layer less strong- 
er than the bonding layer, the Illicit reuse of the hologram 
can be avoided because the cholesteric liquid crystal 
material layer orthehologram forming layer is destroyed 
when an attempt is made to peel otf the hologram foil 
once the hologram foil is attached to an article, 
[0052] As described above, according to the present 
invention, by using a high-polymer cholesteric liquid 
crystal materia] which reflects a single wavelength or a 
plurality of wavelengths, it Is possible to improve the per- 
formance in preventing forgery by making duplication 
difficult and verification of authenticity easy as well as 
to achieve high levels of identrfiability and stability. Also, 
high-polymer cholesteric Bquid crystal materials are rel- 
atively Inexpensive so that the overall cost would not bo 
significant In particular, when the identification medium 
consists of a hologram or diffraction grating made of 
cholesteric liquid crystals, the level of security and Wen- 
tifiability can be improved even further. 
[0053] Whon a hologram or diffraction grating made 
of cholesteric liquid crystals is used, a polarizing filter 
and a wave plate may be placed in a light path of the 
incident light and me reflected light to and from the idgn- 
tification medium in that ordor as seen from the incident 
light source, as required, and the hologram Image ob- 
tained from the identification medium may be detected 
either visually or by using a detecting device so as to 
achieve an identfficatton process which combines the 
polarizing properties of chofesteric liquid crystals and 
the diffracting properties of hologram as a symbiotic 
combination. Because this identification process uses 
the part of the Incident light which has a prescrfead 
wavelength and is particularly polarized, or the Identifi- 
cation medium may be substantially transparent in a vis- 
. ible light rango, the freedom in the design of the article 
b not impaired in any way. in particular, as a number of 
different Identification methods (such as visual verifica- 
tion alone, using a polarizing finer and a wave plate in 
combination with a visual verification or a mechanical 
verification) can be used, the verification process can 



HA2 1* 

be readily adapted to the particular application and the 
available budget, and can thus provide a hic£i level of 
versatility. 

[0054] Although the present invention has been de- 
scribed in terms of preferred embodiments thereof, it is 
obvious to a person skilled in the art that various alter- 
ations and modifications are possible without departing 
from the scope of the present invention which is set forth 
in the appended claims. 



Claims 

1 . A system for identifying the authenticity of an article 
by optically recognising an Identification medium af- 
fixed to said article, characterised in that: 

said identification medium comprises a high- 
polymer cholesteric liquid crystal material which re- 
flects a single wavelength or a plurality of wave- 
lengths. 

2. A system according to claim 1 , wherein Tight trans- 
mitted through or reflected by said Identification me- 
dium is recognised or identified as it passes through 

2S a wave plate and a polarising filter or a colour filter. 

3. A system according to claim 2. wherein said finer 
comprises a high-polymer cholesteric liquid crystal 
material. 

30 

A. A system according to any preceding claim, where- 
in high-polymer cholesteric liquid crystals of at least 
two different kinds are arranged "m an overlapping 
relationship. 

35 

5. A system according to any of claims 1 to 3 wherein 
high-polymer cholesteric liquid crystals of at least 
two different kinds are arranged in two mutually ad- 
jacent regions. 

40 

6. A system according to any preceding claim, where- 
in said identification medium comprises a plurality 
of regions, at least one of said regions having a 
high-polymer cholesteric liquid crystal material ap- 

45 piled thereon, and the authenticity of said article is 
identified by recognising a pattern in the arrange- 
ment of said higji -polymer cholBsteric liquid crystal 
material. 

so 7. a system according to claim 6. wherein said pattern 
ki the arrangement of said high-polymer cholesteric 
liquid crystal material is read as binary data, and the 
authenticity of said article is verified by recognising 
said binary data. 

55 

B> A system according to any preceding claim wherein 
said identffication medium includes a effraction 
grating using said high-polymer cholesteric liquid 
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crystal materia! as a reflective layer thereof. ing to claim 1 6- 

9. A system according to claim 8, wherein said diffrac- 
tion grating consists of a hoiogram. 

1 0. A system according to any preceding claim, where- 
in said identification medium is adapted to bo ehher 
entirely or partly destroyed when an attempt is 
mads to peel off said medium from said article. 

10 

11. A system according to any preceding claim, further 
comprising a detecting device placed in a path of 
an incident light and a reflected light to and from 
said Identification medium, said detecting device 
comprising a polarising filter and a wave plate ar- 
ranged in that order as seen from a source of said 
Incident light. 

12. A system according to claim 11. wherein said de- 
tecting device further comprises a band pass filter 20 
which is placed at a position in said light path of said 
incident liojit and said reflected light to and from 
said identification medium which is closer to said 
incident light source than said polarising filter 

2& 

1$, A system according to claim 11, wherein said de- 
tecting device further comprising a light receiving 
device. 

14. A system according to claim 13> wherein said de- *o 
tecting device farther includes a light source, and 
said light receiving device includes a plurality of light 
receiving portions arranged around said light 
source so that a direction of light reflected from said 
identification medium may be detected from an in- as 
tensity of light received by each of said Eight receiv- 
ing portions. 

15. A method for Identffying the authenticity of an arti- 
cle, comprising the steps of: 40 

radiating light from an external fight source up- 
on an identification medium attached to an ar- 
ticle via a polarising filler and a wave plate, said 
identification medium including a diffraction *5 
grating having a reflective layer formed with a 
high-polymer chotesteric liquid crystal material; 
and 

receiving a visually viewing llcjht reflected 
therefrom via said polarising filter and said SO 
wave plate so that the authenticity of said article 
may be verified by recognising a graphic or oth- 
er pattern recorded in said diffraction grating. 

1$, Anidentificaticnmediumasc^finedinajiycfclarms 
1to14. 



ss 



17- An article carrying an Identffication medium accord- 
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